Health officials often lack information about characteristics that predict which water systems are most likely to be placed on and to persist on drinking water advisories (e.g. health warnings offering advice or information). This study uses data collected by the Interior Health Authority in British Columbia to characterize water systems on advisory for microbiological threats and to identify the variables associated with advisory status and length. By systematically extracting key characteristics, this study explores advisory status by examining associated variables: water systems size, administrative area, governance structure, water source, treatment level, and service type (e.g. residential or commercial systems). Results show residential and commercial water systems have different characteristics associated with advisory status and length. For residential systems, certain governance structures are more likely to be placed on and to stay on advisory, especially the cooperative governance structures not operated by local governments. For commercial systems, administrative area and system size were associated with advisory status, but not advisory length. The overall results highlight the influence of governance structure and support the need for targeted interventions to improve residential small water systems not operated by local governments or utilities. Lastly, these results show how health officials can use administrative data for program planning and evaluation.
Ideally, systems serving fewer than 5,000 people are required to sample at least four times per month. In reality, SWSs do not often sample at this frequency. The EHO has the discretion to reduce or increase the sampling frequency after considering the system size, population served, source, location, sampling history, and whether or not the system has robust treatment (or no treatment at all).
The IHA has jurisdiction over a large majority of the approximated 4,000 plus regulated water systems (Eggertson ; Office of the Ombudsman ) in the province. The high number of water systems regulated across BC relates to the size of the province, its mountainous topography, but also to the fact that BC is the only Canadian jurisdiction that regulates and requires an operating permit for any water supply serving anything larger than a single-family residence. The BC DWPA defines water systems that must be regulated as any domestic supply with two or more connections or any commercial operation (including those with a single service connection, such as a restaurant or hotel). More water quality advisories appear in the IHA than in the other four BC regional health authorities combined, a situation which local health officials relate to the abundance of which is restricted to those systems serving up to 500 people within a 24-hour period (Office of the Ombudsman ).
The primary objective of this study was to use data collected by the IHA about the characteristics of residential and commercial water systems to identify the variables associated with being on advisory and being on long-term advisory. Through a systematic extraction of key characteristics from reports within the IHA database, we explore how advisory status and advisory length are associated with water system size (measured by the number of service connections and population served), administrative area (e.g. regional district), governance structure, water source, treatment level, and service type (e.g. commercial versus residential systems). The study includes type of governance structure as a variable, because BC health professionals have identified it as one of the barriers to water system main- 
METHODS

Data sources and extraction
This study included 1,847 residential and commercial water systems as recorded in the IHA database as of March 2011. The study excluded water systems categorized as water depots and bottlers (n ¼ 8), bulk haulers (n ¼ 15), those with pending applications (n ¼ 4), and those on advisory due to chemical parameters exceeding the Guidelines for Canadian Drinking Water Quality (n ¼ 10). The last-mentioned were excluded to focus the study on water advisories related to microbiological threats. Water systems with more than one permit (n ¼ 3) were only counted once. This study applied this definition in response to concerns highlighted about the large number of long-term advisories that persist in BC with little action towards improvement.
This dichotomization allowed the study to compare the characteristics of systems that had been on advisory for a very long time (some lasting longer than 20 years) with those that had been put on advisory more recently (within the last 18 months).
All data on advisories came from advisory listing reports within HES. While the IHA strives to follow clear and consistent criteria for issuing drinking water advisories, some historical and regional differences in practices do persist.
Because untreated surface water should always warrant advisory status, we assessed the assumption that advisories were consistently applied across the administrative areas by comparing the number of water systems recorded as having untreated surface water, but were not recorded as being on an advisory.
Variables potentially associated with advisory status were system type, water source, water treatment, number of connections, population served, type of governance structure, and administrative area. These variables and their extraction are described below. After data extraction was complete, only one water system was missing information on water source, water treatment, and population served.
System type
Water systems were categorized as being either commercial or residential ( a n ¼ 1,227 for water source, water treatment, and population served for commercial water systems because of missing data for one water system.
Ministry of Health ).
In circumstances where EHOs lack enough information or cannot determine the level of vulnerability of the well or the aquifer from their visual observation, they classify the well as having unknown protection.
HES does not typically track the source water type.
Instead, information on water sources is limited to data available from sample site reports, which were never intended for surveillance and reporting purposes. Unfortunately, information on source water was only available for water systems that had a sample site created in HES for routine or audit sampling, which resulted in missing information for many water systems. We found the missing information 
Water treatment
Information on water treatment was extracted from sample site reports. Four categories were used to indicate the level of treatment for each water system: dual treatment or more, chlorination only, other, or no approved treatment listed (Table 2 ). The dual treatment or more category included water systems listed as having chlorination and filtration (n ¼ 46), dual disinfection (e.g. chlorine plus ultra violet (UV) disinfection or chlorine plus ozone disinfection) (n ¼ 15), or dual disinfection plus filtration (n ¼ 51). The 'other' category included sites listed as having UV disinfection only (n ¼ 59), filtration only (n ¼ 10), or UV with filtration (n ¼ 154). We grouped these three types of treatments together because there appeared to be some misclassification between UV only and UV with filtration systems.
Furthermore, it is possible that these three types of treatment could refer to point-of-use (POU) treatment devices (e.g.
only one tap has treatment) installed at the sample site only. Since we could not verify whether these types of treatment were POU devices or centralized treatment, we grouped them together to limit this type of potential misclassification to the 'other' category.
Population served
As with water source and water treatment, the HES only records the population served in sample site reports. The variable is reported in 20 broad categories, half of which indicate seasonal peak populations. We collapsed these categories into the following four groups: 0-50, 51-500, 501-5,000, and greater than 5,000 people (Table 2 ). There were two baseline groups for population: 0-50 people for systems with no seasonal variability (n ¼ 821) and 0-100 people for those systems that experience a seasonal peak (n ¼ 126). For the purpose of this study, the two baseline groups were combined. As with the water source and water treatment variables, the category for population served often had missing or conflicting information. For clarification, we consulted inspection reports or the presiding EHO.
Number of connections
Although BC defines water system size by the number of people served, health officials categorize and permit them by the number of service connections. The number of service connections is an alternative measure of system size that quantifies the size of the water distribution system. This study used both number of connections and population served to assess the effect of water system size because the two measures are not always correlated. For example, a commercial water system with a small distribution system may serve a large population. Facility listing reports in the HES record the number of connections for all water systems in three broad categories: WS3 systems have fewer than 15 connections, WS2 systems have between 15 and 300 connections, and WS1 systems have over 300 connections (Table 2) .
Governance structure
The study used facility listing reports in the HES to categorize water systems by their governance structure (Table 1 Resource Operations.) We also created the category 'joint systems', which does not currently exist in HES. We identified joint systems that had been grouped with WUCs or private systems in HES and moved them into the 'joint systems' group using the aforementioned information from MOE and consulting with local EHOs. We also reviewed the private system category for non-profit societies that had been misclassified as private and moved them to the society category. Despite these efforts, some misclassification likely remains among private, non-profit societies, strata corporations, and joint systems.
Administrative area
The geographic boundaries of regional districts were used to compare water system characteristics and predictors of advisory by administrative area. Water systems fell into 10 regional districts within the jurisdictional boundaries of the IHA (Figure 1) (Table 2) . Facility listing reports provided the regional district information.
The 10 regional districts (e.g. administrative areas) cover large geographic regions within the interior, which includes mountain ranges, valleys, lakes, the semi-arid Okanagan
Valley, orchards, farming, industry, and small-to mediumsized communities. Because of these large areas, the study was unable to examine the influence of the specific location of the water supplies such as the terrain, climate, or whether the water system was rural or near an urban center. Despite this limitation, the regional district variable allowed us to explore whether the administrative area in which the water system was located influenced the likelihood of being on advisory. This study also used the administrative areas to detect difference in the consistency in which advisories are applied between regions.
Statistical methods
All information for each water system was systematically entered into Microsoft Excel (2004) . Once data entry was finished, 10 systems were randomly chosen for an audit of completeness and accuracy. No discrepancies were found after repeating the data collection methods for those 10 systems. All statistical analyses were conducted using R version 2.12.1 (R Development Core Team ). Analyses were stratified by system type because descriptive statistics suggested that the 619 residential systems were fundamentally different from the 1,228 commercial systems, especially with respect to governance structure ( Table 2 ). The same analytic approach was used for both system types.
Methods for identifying predicting characteristics associated with advisory status
For the first step of this analysis, we computed frequencies to compare water systems on advisory with those not on advisory according to the population served, number of connections, water source, water treatment, governance structure, and administrative area ( 
Methods for identifying predicting characteristics associated with advisory length
For the first step of this secondary analysis, we computed frequencies to compare water systems on long-term advisory with water systems on short-term advisory according to the population served, number of connections, water source, water treatment, governance structure, and administrative area ( Table 2 ).
The second step of the analysis used logistic regression to associate the odds of being on a long-term advisory with the same predictive variables used in the primary analysis of advisory status. Small sample sizes across groups limited our ability to stratify the independent variables, requiring that we create binary categories for certain variables. Base models were constructed and tested using the same methods to determine which variables should be retained in the final model. Analyses were repeated for residential and commercial systems.
RESULTS
As of 3rd March 2011, 411 (22%) of the 1,847 water systems in the study were on advisory. Residential systems accounted for 191 (47.5%) of these advisories, and the remainder was for commercial systems. While commercial systems had more advisories, residential systems were twice as likely to be on advisory (OR ¼ 2.0; 95%; confidence interval (CI) ¼ 1.6-2.6).
Residential advisory status
For residential systems, the independent variables for water source, water treatment, population served, number of connections, governance structure and administrative area (e.g.
regional district) were all statistically significantly associated (p < 0.01) with advisory status. We found that water system size (as measured by both population served or number of connections) was associated with the odds of being on an advisory for residential systems (Table 3) . As the size of the water system decreased the odds of being on an advisory increased. Adjustment for water source and water treatment reduced the strength of the association and eliminated the statistical significance, but the relationship persisted (Table 3 ).
The final model for predicting advisory status for residential water systems included water source, water treatment, and governance structure (Table 4) . Although system size was associated with the odds of being on advisory (Table 3) , the model including governance structure was better fitted to the data when adjusted for source and treatment. Municipalities (which tend to be larger and better equipped with access to resources and trained personnel) acted as the reference group because they were least likely to be on advisory. The crude ORs suggest that certain governance structures (as described in The most important explanation for the difference between the crude and the adjusted ORs for governance structure was untreated surface water. In brief, 85% of WUCs, 48% of joint good neighbor systems, and 21% of improvement districts reported having untreated surface water. After adjusting governance structure for source and treatment, the strength of the relationship of governance decreased but remained strong and significant for most governance structures. The decrease in the adjusted ORs was especially apparent among aforementioned governance structures with a high number of systems with untreated surface water, such as WUCs (Table 4) .
Length of residential advisories
The final model for predicting long-term advisory status for residential water systems included source, treatment, and type of governance structure (Table 5 ). Because of sample size limitations across groups, the variables were collapsed into binary groups for analysis: treatment installed versus no treatment, surface water versus groundwater, and local government (e.g. municipalities and regional districts) versus non-local government systems. As before, water systems with surface water were more likely to be on a longterm advisory when compared with groundwater systems (Table 5) . On the other hand, the level of treatment was not as important for predicting the length of advisory.
Governance and the role of local government also remained important for predicting long-term advisories. For example, non-local government systems were 3.3 times more likely to be on long-term advisories when compared to local government systems (95% CI ¼ 1.2-9.3). Although sample size limitations restricted our ability to stratify analysis of advisory length by the type of governance structure, we can illustrate that certain types of governance structures proportionally have a much greater number of water systems that have been on advisory for extensive periods of time, many lasting longer than 12 years ( Figure 2 ). In particular, the cooperative governance structures, especially the WUCs (the only type of water system to rely strictly on surface water supplies), had the highest proportion of advisories, and of advisories that persisted for many years.
Commercial advisory status
The variables associated with advisory status for commercial systems differed from residential systems. For commercial systems, only water source, water treatment, number of connections, and administrative area (e.g. regional district) were associated (p < 0.01). The final model for predicting advisory status for commercial water systems included the independent variables water source, water treatment, number of connections, and the regional district where the water system was located (Table 6 ). As with residential systems, the likelihood of being on an advisory increased as the level of source vulnerability increased and the level of water treatment decreased. The size of the water system had an opposite effect for commercial systems. As the size of the distribution system (measured by number of connections) increased, the likelihood of being on an advisory significantly increased. In fact, commercial water systems with fewer than 15 service connections were nearly half as likely to be on an advisory compared with systems having more than 15 connections, even after adjustment for source, water treatment, and administrative area (adjusted
The administrative area in which commercial water systems are located within IHA boundaries also proved an important predictor of advisory status (Table 6 ). We chose the East Kootenay Regional District as the reference group because it proportionately reported the least number of 
).
Our results suggest that residential and community water systems are characteristically different, especially with respect to governance structures. Residential water systems had a relatively balanced distribution of the varying forms of governance structures whereas the private business models dominated the commercial systems (Table 2 ). In addition, some governance structures were strictly residential or commercial. We also found that residential water systems are twice as likely to be on advisory and have different predictors leading to an advisory compared with commercial water systems. This result may reflect the Adjusted OR (95% CI) for water source, water treatment, number of connections, and administrative area
Source
Groundwater -protected (referent)
Groundwater -protection unknown 2.7 (1.6-5.0) 2.9 (1.6-5.6)
Groundwater -unprotected 7.9 (4.5-14.7) 8.7 (4.7-16.8)
Surface water The regional district was also a significant predictor of advisory status for commercial systems. We believe that this reflects historical differences in practice between different administrative areas, and not inherent differences in water quality. According to IHA health officials, differences in local practice surrounding advisory conditions still exist, especially for small commercial water systems. This inconsistency was not evident for advisories in residential systems, where those with untreated surface water (a condition that typically warrants a drinking water advisory) were 3.3 (95% CI ¼ 1.7-6.4) times more likely to have an advisory in place than commercial systems with untreated surface water.
The majority of commercial systems listed as having untreated surface water but no advisory were in the Central and East Kootenay regional districts, which feature a number of very SWSs that often oppose water treatment. Another limitation is the cross-sectional design. Crosssectional studies are limited to a snapshot in time, and do not allow the study to explore temporal relationships, such as seasonal changes that affect water quality. We used a cross-section of advisory data that occurred prior to spring freshet caused by snow melt and rainfall; therefore, to assess the effect of season we would either have to repeat the study in late spring or early summer, or use a stronger study design such as a cohort study.
CONCLUSION
Understanding water system characteristics and predictors of advisory status will assist health officials in setting priori- Given the inherent differences between commercial and residential systems, we further recommend that health officials develop separate and flexible approaches to addressing poor water quality in both system types. Although this study was limited by administrative data and a cross-sectional design, it provides useful information to guide future research on the characteristics of residential and commercial water systems on drinking water advisories and on long-term drinking water advisories. We recommend more extensive research to verify existing information, and we suggest that future research could test the hypotheses generated here using stronger study designs. Following the sample over time would more precisely identify the reasons why water systems were put on advisory, and would capture those water systems that were placed on a short-term advisory but did not stay on advisory. Future research should also attempt to capture important characteristics and variables that were unavailable in this study, such as the age
